Knowledge of the factors which determine sex is increasing so rapidly that any over-all concept of intersex can be no more than tentative, and needs to be kept fluid. With these qualifications, this communication is concerned with aberrations in physical sex present at birth. Modifications of sex which may develop later in the adult as a result of feminizing and masculinizing tumours are excluded, as are psychological disturbances such as trans-sexuality, transvestism and homosexuality.
Three overriding principles govern the understanding and practical management of physical intersex: (1) Every individual is bisexual in varying degrees and only relatively gross departures from the normal can be classified as significant states of intersex. The dividing line is a matter of opinion; thus hypospadias in an otherwise normal male may or may not be accepted as feminization of the external genitalia. (2) There are no absolute criteria for diagnosing the sex of an individual, not even the nature of the gonad, the chromatin pattern in the nuclei, or the number and type of sexchromosomes. More important than these signs, both from the standpoint of the individual and of the community in which the individual lives, are the secondary sex characters such as the external genitalia, breasts, voice and facial hair. It follows that the terms hermaphroditism and pseudohermaphroditism, male or female, previously used for denoting types of intersex should be abandoned; they imply acceptance of the nature of the gonad as a criterion of sex. (3) Femininity is a state which approaches that of the neuter, and masculinity is the result of a positive influence superimposed on this state. If the gonads are destroyed at an early stage in foetal life, then, no matter whether they be testes or ovaries, the genital ducts always develop in a female fashion. Removal of testes after birth also tends to make an individual feminine whereas removal of the ovaries has no effect on femininity.
Types of Intersex and their Mechanism
Many factors take a part in determining sex in utero but none is all-powerful and decisive. The action of each can be modified by that of others. This explains why intersex presents in many forms. Chromosomal sex: Sex is primarily determined by the number and type ofchromosomes contributed by the ovum and the spermatozoon at the time of fertiliiation. The nucleus of the normal mature ovum carries one X chromosome and this is joined by either one X or one Y chromosome contributed by a spermatozoon. The result is a zygote with either XX (female), or XY (male), chromosomes. As the fertilized ovum undergoes segrnentation, the nucleus of each daughter cell should receive either XX chromosomes or XY chromosomes depending on the sex of the embryo. It therefore might be expected that every cell of all the tissues of the adult would show the same chromosomal arrangement; this may be true for the majority of cells in the normal male or female but there are exceptions and the extent and frequency of mosaicism remains to be decided.
There may, however, be an abnormal number of sex chromosomes and this occurs as a result of their faulty or unequal distribution during cell division either before or after fertilization. Thus, 'non-disjunction' of the two chromosomes during reduction division of either gamete can result in an individual whose make up is XO, XXY, XXX or YO. The last is only hypothetical or lethal but the others are found in gonadal dysgenesis (Turner's syndrome); primary micro-orchidism (Klinefelter's syndrome) and the so-called 'super female'. Inequality in the distribution of chromosomes during cell division also arises from phenomena such as translocation, duplication and deletion, and results in various patterns such as XXXX and XXXY. The sex chromatin is positive whenever there are two or more X chromosomes present in a nucleus, and this irrespective of its Y content. If only one X chromosome is present the test is negative. Thus the XX, XXX and XXY arrangements give a positive test, while XY and XO result in a negative test. From the clinical standpoint, however, and in keeping with the principle first enunciated, it has to be recognized that Y is a positive masculinizing force so, whenever it is present, the individual presents physical features of masculinity. The XXY pattern therefore gives a positive chromatin test in an individual who nevertheless looks essentially male.
When chromosomes become unequally distributed during segmentation after fertilization, only part of the embryo may be affected. Certain tissues or cells in the adult then show a chromosome pattern different from that of others. This phenomenon of mosaicism may be present to some extent in all individuals without producing significant clinical effects. Sometimes, however, it is seen in gross forms.
Case 1 A girl, aged 16, complaining of primary amenorrhcea, had normal female genitalia, the development of which suggested that menstruation was imminent. The breasts were forming well. She had, nevertheless, long ape-like arms and legs covered with a thick growth of hair, features which had been present at birth, and throughout childhood. The hands and feet were also large and masculine if not anthropoid, and scalp hair was continued over the temples to the eyebrows. According to oral smears this individual is chromatin positive and a count based on cultures of leucocytes indicated a normal X sex chromosome complement. But skin taken from the arms, trunk and legs showed chromatin-negative nuclei. Unfortunately, tissue cultures of these skins failed and their chromosomes make up is so far unknown. Nevertheless, on the evidence so far available this girl may be an example of gross mosaicism. Her parents are apparently normal and so is her sister, aged 20.
[Her first period began on 28.4.61, the day of the meeting, and the cycle has since been regular.]
Genetic sex: The chromosomal drive towards sex can be strong or weak, and presumably depends on genes distributed on the X and Y chromosomes. But, in addition, there are sex-influencing genes on the autosomes. These, which are mainly masculinizing, can modify the chromosomal urge towards sex differentiation. The effects of these autosomal genes depend partly on their inherent force and partly on the strength of the basic sex chromosomal urge. Thus a weak sex chromosomal influence is more easily modified. Minor autosomal genetic masculinizing influences in an otherwise normal female probably account for 'constitutional' hirsutism. It is thus not surprising that this common syndrome shows a strong familial and inherited tendency.
A relatively powerful autosomal genetic influence, operating at an early stage in embryonic development, can interfere even with the differentiation of the gonad, and probably explains those cases in which an individual has ovo-testes, or a testis on one side and an ovary on the other. As might be expected, such a finding is generally, although not always, associated with a positive chromatin test, suggesting an XX chromosomal complement. The phenotype (general outward appearance) may be female or male. Case 2 (reported by courtesy of Dr M M de la Harpe of South Africa). A man had apparently normal external genitalia except that only one testis was descended. Laparotomy revealed that, on the other side, he had an ovary and a unicornuate uterus with tube. The ovary contained a recent corpus luteum. His chromatin sex was positive.
Case 3 (Case of Dr F P Hudson and Miss Isabella Forshall). P B, aged 3 weeks and registered female, was found to have external genitalia which appeared male except for hypospadias. The internal genitalia were entirely female but section of one 'ovary' showed an ovo-testis. Oral smears: chromatin-positive nuclei.
Sometimes, and again presumably due to powerful autosomal genetic urges, the chromosomal drive towards gonad differentiation can be completely reversed. Case 4 A girl aged 20, an international woman athlete, complained of deepening of the voice and primary amenorrhcea. She had a large hypospadiac phallus with a urogenital vagina behind. Above this, the miillerian ducts had not developed and the undescended gonads were testes. Yet examination of both oral smears and skin showed that she was unquestionably chromatin positive.
The Organizing Power ofthe Gonad Irrespective of chromosomal and genetic drives, sex differentiation in utero is to some extent controlled by the organizing power of the gonad. Indeed the development of the gonad is itself dependent on the presence of primitive germ cells which determine whether the gonadal mesoderm shall differentiate into granulosa cells or testicular tubules. Without these germ cells, as in Turner's syndrome, the gonad remains asexual. The gonad in turn controls the persistence or degeneration of the miillerian and wolffian ducts but, in this respect, the testis is much more important than the ovary. It is the presence of a testis rather than the absence of an ovary which accounts for the male genital tract on the one side of Case 2. Moreover, it is the absence of the testis rather than the presence of the ovary on the other side which allowed the corresponding mullerian duct to persist and the wolffian duct to atrophy.
When aberrations in genital duct development do accompany unilateral cryptorchidism they usually occur only on the affected side. Rarely, however, both mullerian ducts persist even though only one testis is functionless.
Case 5 An apparently normal man, married with two children and proved to be fertile by semen analysis, had only one well-formed scrotal testis. On the other Section ofObstetrics and Gynacology side he developed an inguinal hernia and within the sac was found a complete uterus with two fallopian tubes and one rudimentary undescended testis.
Combined Gonadal and Genetic Causes ofIntersex
In practice it is common to see individuals who have a male (XY) sex chromosome complement yet whose genitalia show varying degrees of femininity. In these it is usually impossible to say whether it is weak masculinizing genetic influences of the autosomes and the Y chromosomes or failure of the gonad-organizing capacity which is responsible. It is likely that both are concerned in many of these cases. Thus failure of a testis to descend and to function may well be genetically determined. An associated disturbance of the development of the genital ducts, the phallus and the urogenital sinus may then be either the result of the testicular failure or of adverse genes. The condition of hypospadias occurring in an otherwise normal male shows a strong familial and inherited tendency. Yet a similar abnormality is commonly associated with cryptorchidism.
Many clinical variants are possible and all tend to be familial. Despite well-developed and descended testes in a bifid scrotum, the phallus can be rudimentary qs well as hypospadic. When hypospadias is assoc:iated with cryptorchidism, the mtillerian ducts are usually atrophied but may persist to give rise to fallopian tubes, uterus and vagina. Even if these ducts do not develop, the urogenital part of the vagina can be present. Again, postpubertal sex differentiation in these XY individuals suffering from abnormal genetic and gonadal influences is variable. Some remain effeminate even to the extent of gynecomastia; others develop a masculine voice with or without facial hirsuties. Case 6 I A, aged 16, and brought up as a girl, complained of primary amenorrhoea. Her voice was beginning to 'break' and the breasts showed no signs of enlargement. The facial and bodily hair distribution, however, was normal. Behind a large hypospadic phallus was a well-developed vagina. Laparotomy revealed a normal though infantile uterus with two fallopian tubes. In the position of the ovaries were testes. At least, a testis with a histological appearance typical of cryptorchidism was found on one side, while sections of the other gonad showed connective tissue only. This particular patient, whose chromatin pattern was negative but whose chromosome count is unknown, may well represent a mixed syndrome. That her uterus was functional was easily demonstrated by the fact that, after gonadectomy, cestrogen withdrawal bleeding was induced quite regularly. Moreover, this treatment resulted in good breast development.
Cases 7 and 8 A W, aged 21, and S W, aged 41, were born of the same parents and registered as girls. In both cases -the phallus was insignificant and the external genitalia looked female. There was, however, no 56 sign of a vagina or of miillerian duct tissue, and the chromatin sex was negative. S W was operated on for bilateral hernia at the age of 2j and the testes found in the sacs were returned to the abdomen. The younger child had rudimentary testes in the inguinal canals and these were removed. Both children are being kept socially female, and it now remains to be seen whether the one with intra-abdominal testes develops more masculinity or more femininity than the one who is neuter. This observation will be of importance because it is often alleged that undescended testes in an apparent female should not be removed, at least not until after puberty, because they contribute to the development of female secondary sex characters.
Feminizing testes: In this syndrome an apparent female has well-developed breasts and a normal vulva. She is usually attractive in appearance and typically has a smooth and hairless skin. Even the axillk and the pubes usually remain more or less hairless, this probably being an associated defect and not the result of a hormonic disorder. The vagina may or may not be present, and so may the uterus. The chromatin pattern is negative and chromosomal arrangement is usually XY. The syndrome shows a familial tendency, the taint being mostly transmitted maternally. It is presumed to be due to a sex-linked recessive gene or to a sex-limited dominant autosomal gene. The mechanism of feminization, however, is generally attributed to a weak androgenic function of the testes. Indeed, it is said that these organs produce considerable amounts of cestrogen and that this is borne out by the finding of large clusters of actively secreting Leydig cells. So it is reported that removal of the testes leads to loss of femininity, regression of the breasts and even hot flushes.
Case 9 A G, aged 16, also presented the typical clinical features of testicular feminization, was chromatin negative and had only the urogenital part of the vagina present. Vaginal smears showed a strong cestrogenic effect. One testis had been removed from a hernial sac at the age of 5 years. This patient's sex interest was toward boys and she admitted practising coitus regularly. She was an outstanding woman athlete covering 100 yards in 11 seconds. Removal of the testes in this case undoubtedly had some effect. Her time fc r the 100 yards changed to 12-8 seconds, she increased 7 lb in weight, and lost interest in her 'boy friend'. She thought that she might have experienced some hot flushes and sweats but the breasts remained well developed. The cause of these reactions is difficult to assess because, despite advice to the contrary, the parents informed the girl that testes had been removed. This inevitably resulted in considerable emotional upset which may in part explain some of the postoperative changes.
The urinary excretion levels found in hormone assays (Dr I F Sommerville) were as follows:
Before operation 5 months after (72-h specimen) operation (3 assays 3-4 1*9 >1-0 1-8 3-9 1-8 2-3 1 9 >1 0 70 20-3 9-0 15-4 13-9 57
The hormone assays in Cases 9 and 10 are remarkable in that they show pre-operative excretion levels of both aestrogens and 17-ketosteroids which are within the normal range for the male. Moreover, in both cases the 17-ketosteroid excretion fell after orchidectomy to within the female range. This suggests that the androgenic function of the testes was not below normal. In Case 10, the excretion levels of all the (estrogens, although showing wide daily variations, do not appear to have been significantly affected by the operation. So there is little reason to suppose that the testes, despite showing histological evidence of hyperplasia of Leydig's cells, produced excessive amounts of cestrogen.
In Case 9 the output of cestriol, although not of cestradiol and oestrone, may have been reduced by orchidectomy. Yet, in this case, sections of several areas of the removed testis showed only hypoplastic tubules. There were practically no Leydig's cells present.
It therefore remains doubtful whether the testes produce abnormal amounts of cestrogen in the testicular feminization syndrome. If they do, our hydrocortisone so that the output of ACTH by the foetal anterior pituitary is not controlled. This syndrome is well known and requires no elaboration. It can readily be distinguished from hypospadias in a male because the affected individual is chromatin positive, and the excretion levels of both 17-ketosteroids and pregnanetriol are raised. In the male foetus with hypospadias the chromatin sex is negative, and the excretion products of adrenal steroids are normal in amount.
The Treatment ofIntersex
The adrenogenital syndrome is as easy to treat as it is to recognize. The administration of cortisone, in a dose controlled by the excretion of 17ketosteroids, inhibits the output of ACTH to a normal level so that the adrenals cease their masculinizing influence. The treatment needs to be commenced as soon as possible after birth otherwise the child develops precociously and becomes more and more virile. With cortisone treatment, however, the girl's subsequent feminine development, menstruation and fertility are normal. The deformity of the external genitalia can be corrected by removal of the phallus and incision of the membrane obstructing the entrance to the urethra and the vagina. The phallus at least should be removed at an early age lest its presence have an adverse.psychological effect.
In other forms of intersex, treatment is not so easy and has to be determined for each case on its own merit. In general, however, it can be stated that an individual already conditioned to one social sex should rarely change. I have only advised altering the sex once and that in an individual brought up as a girl but who was very masculine in every aspect except for familial hypospadias. Although 'she? was happy to change her sex and way of life, the result was far from satisfactory. Since re-registering his sex, this man has had four operations for hypospadias. He is now married, coitus is ineffectual, he is sterile and his wife is a picture of frustration and misery.
If there is a doubt about sex at birth, various tests such as the chromatin pattern and laparotomy may help in the decision as to how the individual should be registered. Even these, however, can lead to mistakes and, in general, the best sinigle guide is the state of the external sex organs.
Thus a-baby with XY chromosomes whose phallus is poorly developed as well as hypospadiac can never become a satisfactory male. He is probably best made neuter and brought up female, every effort being made to intensify femininity by removing cryptorchid testes and the phallus, and subsequently by administering cestrogens. This approach follows one of the basic principles laid down at the outset, namely,that femininity approaches the neuter state. It is therefore much easier to make an intersex appear female than male.
Treatment needs to be based on a wide interpretation of sex, and not on any one criterion such as chromosome counts, sex chromatin pattern, the histological appearance of the gonad, and the nature of the genital ducts. All go towards assessing the total picture but the final decision rests on the answer to the following question: Will this individual fit into the community better, and therefore be happier, as a male or a female? Dr Alan C Stevenson (Oxford)
Evidence from Nuclear Sexing Relating to the Primary Sex Ratio in Man
The small excess of males in live births has long been known and many years ago the slightly higher M/F sex ratio in stillborn compared with liveborn infants was noticed. Many investigators such as Tschuprow (1915) and Ciocco (1938) have also sexed abortions. Data of this type appeared to show a remarkable rise in sex'ratio in'spon1 taneous losses occurring from the seventh month backward to the fourth or third months. The relationship with time was exponential so-that starting from about 1-15 in the se'venth month it had reached about 2!1 by the fourth month and estimates given for the7 third month -were-fr-om 3 5 to 7 3. However, Wilson (1926) pointed out discrepancies between naked-eye sexing and the histological sex-of gonads earlier than the'12th postmenstrual week, observers being prone to, sex females as males because of the large size of the clitoris. Tietz (1948) rea'ssessed the Carnegie coll' ection of embryos and concluded that there was no excess mortality'in males in the pre-28th compared to the post-28th-week losses. This, however, is difficult to reconcile with his data which seem to show a significant excess of males in the earlier losses (% pre-28th-week losses 52 5.±0 6; post-28th-week losses 50 2± 1 3). Glenister (1956) published somne results of nuclear sexing of embryos and Stevenson & McClarin (1957) and Bohle et al. (1957) showed that the nuclear sex of the foetus and that of cells in chorionic villi were identical. This techpique enables large numbers of abortions to be sexed even when the embryo itself is lost or is too macerated to permit sexing. The findings of published studies where more than 200 aborti have been sexed are set out in Table 1 . The average ratio is 2-2, but if the high figures from the papers of Bohle et al. (1957) and Heiinz (1959) are ignored there are 482 males and 340 femles,a' sex ratio of 1 42. One possible factor determining the -large differences is' that the German authors' used old sections collected for routine histology and not specially fixed or stained. There is no doubt-that it is unsatisfactory to determine nuclear sex in' these sections relative to those specially fixed and stained. Although many hundreds of such. specimens were available to me in my own work,> I soon became convinced that I was -consistently missing females andi abandoned the attemptl."My own 356 specially fixed and stained specimens presented many problems in sexing but were much easier to deal with and gave a much lower sex ratio than that derived from formalin-fixed tissues and routine stained sections. (For the technique used see Stevenson & McClarin 1957.) The trend of sex ratio by month of abortion-in published data is similar but not entirely consistent between series. The sex ratios found by Bohle et al. (1957) rise steadily from 1 30 in the first postmenstrual month to 4-4 in the fifth month and then fall. Heinz's (1959) data show 1 95 in the first month rising to 4 5 in the third month and a fall in later months.
The data of Stevenson (1959) and Tricomi et al. (1960) are from the only large series done with specially prepared material and relying on sexing of mesenchyme cells in the centre of the chorionic villi. This avoids the hazards of trying to sex the Langhan's cells where, as is clear from Fig 1, the distribution of nuclear chromatin in blobs all over the cell makes sexing very hazardous and consistent errors could arise in either direction. The data by months from these two series should be reasonably comparable although there are real differences (Table 2) . Although the numbers are small there is a strong suggestion that the sex ratio in the earliest recognizable abortions is less than, or not very different from, one. Nuclear sexing is on the whole easier the younger the villi. Later the mesenchyme cells disappear and tend to be replaced by Langhan's cells, but in these early villi there are plenty of good cells to sex. There should, therefore, be less chance of mistakes in sexing the early than in the later abortions. Table 2 Distribution of products of conception examined, by postmenstrual months and nuclear sexes reported, in two series where specimens were specially collected and processed Stevenson (1959) The Sex Ratio ofAll Fcrtuses in utero at the End of the First Month Abortions early in the 'first postmenstrual month' are really those occurring about twelve or thirteen days post-implantation. For practical purposes no earlier losses are recognized and an unknown proportion occurring in the fifth and sixth postmenstrual weeks are no doubt not recognized.
In any event we want to know what numbers of conceptions by sex are present as early as possible in the uterus. The figures from Belfast for 1957 are the only data available for all livebirths, stillbirths and abortions occurring in a defined population over a period. Allowing for twin births and proportions of monozygotics and dizygotics (so that for mature births the figures are for sex ratio of concepti) and applying the sex ratio of the 356 abortions sexed to the total occurring in the year 1957 (1,127) it is possible to estimate this figure from the data in Table 3 . In short, at the earliest period at which they would be recognized there are about 52% of males and of each 1,000 embryos 520 would be expected to be male and 480 female, an excess of 40 males. Is it possible that there is an excess of female losses in the first 14 days of the life of the zygotes which would balance all the subsequent excess of males estimated to be in the uterus at the end of that period? We know that such pre-implantation and early post-implantation losses occur but are they sufficiently frequent to make it at all possible that an excess loss of females could be sufficiently large to be compatible with a sex ratio in zygotes of unity? Section ofObstetrics and Gynwcology 899
We know little about losses at comparable times in mammals which as a rule shed only one ovum at ovulation. Our best data in any mammal are from the mouse where, according to strain and degree of inbreeding, from 10% to 20% of zygotes may be lost at what seem to be corresponding periods (Parkes 1923 , Lyon 1959 . It seems unlikely that the rate in man would exceed that in a polyovulating animal like the mouse.
If 20% of all zygotes were lost in this way and there were a proportion of 52% males in all other zygotes, then to be compatible with a sex ratio of unity at conception the sex ratio of these missed zygotes would require to be 0-72. If 10% of all concepti were lost before recognition then a sex ratio of 0 47 would be required. Even 10% of all zygotes lost represents approximately the same proportion as those lost over the whole period from fourteen days post-ovulation to twenty-six weeks post-ovulation and that the number of losses in the immediate post-fourteen days period is small. It is clearly impossible to have very strong opinions on evidence of this kind. Even if there was sufficient consistency in the graphs of sex ratio and frequency of losses by months to enable the form of a curve to be clear it would be dangerous to extrapolate backwards from such data. However, the period in which such losses must occur is small, evidence from animal breeders does not suggest more than a 10% failure of properly planned conception and there is no suggestive evidence from man that losses in this period are heavy. In view of these considerations and the need to postulate a very marked excess of female losses (a phenomenon not demonstrable for any other period of life) the a priori evidence suggests that the sex ratio at conception is greater than unity.
If this is so we must think in terms of gametal selection probably in spermatozoa. It is interesting to note the evidence from animals of sperm selection (Braden 1958) in respect of the short tail 'T' allele system and suggestive evidence in man in respect of sperms bearing the Y chromosome and the dominant gene for ectrodactyly (Stevenson & Jennings 1960) . Stevenson Professor P E Polani (London)
Sex Anomalies and Abnonnalities of Sex Chromosomes
Since 1956, when it was first recognized that the chromosome number of man was 46 and not 48, and particularly since 1959, when the first chromosome anomalies were recognized in man, numerous publications have appeared on the subject. Conditions of anomalous sex development, in which previous nuclear sexing and genetic studies had already suggested the possible presence of sex-chromosome anomalies, were among the first to receive attention. Thus it was found that in chromatin-negative patients with ovarian dysgenesis the chromosome number was 45 and only a single X chromosome was presentinstead of two as in normal femaleswhereas chromatin-positive males with Klinefelter's syndrome had a chromosome number of 47 and an XXY sex formulathe two X chromosomes of a female and the Y chromosome of a male.
The 46 chromosomes of man are represented by 23 pairs of homologous chromosomes (Fig 1) . One chromosome of each pair is of paternal, the other ofmaternal origin and both control identical functions through their genes, though not necessarily in an identical direction. Whereas 22 pairs are morphologically identical in both males and females, the 23rd pairthe sex chromosomesmay not be so. In females the sex chromosomes are morphologically alike and are called X chromosomes. On the other hand in males there is only one X chromosome and in addition a smaller chromosome named Y. It should be remembered that during gametogenesis only one chromosome for each pair finds its way into the mature gamete ovum or spermwhich thus contains the haploid chromosome number of 23. A further point needs stressing. While certain chromosomes of the human set are reasonably easily identified, others are at present more difficult to distinguish from each other. The X chromosomes are among these and the number of them that may be present can be inferred from the results of nuclear sexing. According to the nuclear sexing rule there are as many X chromosomes in the set as there are sexchromatin masses in oral mucosa cells plus one.
x, t X-
x-x -: A^0 X^'XX In ovarian dysgenesis with dwarfing of stature (4 ft ll in. or under in adult life)and with or without associated anomalies, the following chromosome findings have been recorded. Most chromatin-negative subjects have 45 chromosomes-and an XO sex formula. However, a few chromosome mosaics have been detected (Fig 2) ; -their soma is made up of two or more populations of -cells with different. chromosome numbers. Patients have been described in whom cells with 45 chromosomes and XO were side by side with cells with 46 and XY: XO/XY chromosome mosaics. SEX Also XO/XY and XO/XYY chromosome mosaics have been seen in this group of patients. In chromatin-positive females with ovarian dysgenesis, two tnain findings (Fig 3) have been reported: (1) The presence of chromosome mosaicism, as defined above, XO/XX, XO/XXX or, even more complex, (2) the presence of a structurally altered X chromosome in addition to one normal one; in these patients the chromosome number is 46, including the morphologically abnormal X the identity of which is suspected by chromosome analysis and by the nuclear sexing results which imply the presence oftwo X chromosomes in the set. Mostly the chromosome interpreted as a structurally altered X chromosome has been seen to be similar to chromosome No. 3 of the human set, i.e. longer than the X and with perfectly symmetrical chromosome armns. It has been thought to represent an isochromosorffi ( patients shorter and more or less asymmetrical fragments, interpreted as fragments of one X chromosome, have been seen. In pure gonadal dysgenesis, i.e. in patients with dysgenetic ovaries without other congenital anomalies and with normal stature, an XY sexchromosome formula has been found in the chromatin-negative subjects while an XX (or X and 'fragmented' X) complement has been seen in those who were chromatin positive (Fig 4) .
Other sex-chromosome anomalies in the phenotypic females have been detected ( Fig 5) : triplo-X (XXX) females and also women with four X chromosomes. These patients appear generally to be sexually normal but to be mentally defective. It would appear that at least two complete X chromosomes are necessary for normal ovarian development and function, just as a normal Y chromosome is required to determine the presence of testicular tissue. The potency of the Y chromosome is sufficient to overcome the action of four X chromosomes, though the testes formed under these conditions are ever weaker in relation to the increasing number of X chromosomes in the set (Fig 5}. -The suggestion that the Y chromosome of man has a fundamental masculinizing role is not weakened by the few exceptions where, though a Y chromosome was present, a testis seemed to be absent or conversely testicular tissue was present in the absence of the Y chromosome. Plausible explanations, that the Y chromosome present was structurally or genically abnormal, or that gonosomic mosaicism existed or that adverse envirortmental forces had been active during early development, have not been ruled out in these few instances.
Origins ofsex chromosome anomalies: Some may be the result of errors of chromosome partitioning in the course of one of the two (exceptionally both) reduction divisions (meiosis) of gametogenesis. Abnormal gametes, ova or sperm, may be formed without a sex chromosome or with two of theminstead of the normal one (this abnormality of behaviour is broadly termed nondisjunction). From the union of abnormal with normal gametes, individuals with one X chromosome or with three sex chromosomes -(or sometimes more than three) may result. However, some of the errors, like the formation of XO females, may take place afterfertilization, through loss of one sex chromosome during the earliest cell divisions of the zygote. Errors like this, occurring during cleavage of a chromosomally normal or abnormal zygote, may also give origin to the various types of chromosome mosaics through loss of a chromosome or failure of normal chromosome partitioning between two daughter cells originating from the same mother cell. Structurally altered X chromosomes, sometimes no more than fragments, might arise in various ways. They may result, for instance, if two homologous chromosomes, in one of which a segment had become inverted, were to undergo crossing-over within the inversion during the first division of gametogenesis. Inversions result from double breakage of a chromosome and 'mending' of the fragment in an inverted position within the chromosomes. Such inversions may -be either paracentric or pericentric, i.e. involve the centromere of the chromosome; in this case they may be morphologically detectable.-Finally, it is likely that some at least of the very symmetrical extra 42 chromosomes thought to be structurally altered X chromosomes, may be isochromosomes. These arise, also during gametogenesis in one of the parents, through a process of misdivision of the centromere. Normally this splits longitudinally separating the replicas (chromatids) of the chromosome. Under abnormal circumstances, resulting generally from the faulty movement of a chromosome during meiosis, its centromere may split transversely so that two new, symmetrical chromosomes may arise; one is made of the two short arms, the other of the two long arms, whereas, as a result of normal centromere division, each chromosome would have a long and a short arm.
To avoid a lengthy list of references to the various findings summarized here the reader is referred to various articles and annotations in the Lancet, which have appeared since April 1959 and to reviews such as those in the British Medical Bulletin (1961) 
Mr F E Loeffler
Case 1 E H, woman aged 29, who had had one previous normal pregnancy. Her second pregnancy ended in incomplete abortion after nineteen weeks. The uterus was evacuated under anesthesia on two occasions but no material was sent for microscopic examination. The patient then had an illness lasting twelve weeks which was characterized by persistent vaginal bleeding, respiratory complications in the form of a bloodstained pleural effusion and possible X-ray evidence of metastatic deposits in the lung fields. Diagnostic curettage produced material which had the histological appearance of chorion carcinoma (Figs 1 & 2) . The Aschheim-Zondek (A-Z) test remained positive with neat urine but was negative with higher dilutions. Case 2 J P, woman aged 29. A second pregnancy lasted twenty-one weeks and ended in spontaneous delivery of a hydatidiform mole following an intramuscular Pitocin induction. This event was accompanied by severe blood loss, hypotension and subsequent oliguria of forty-eight hours' duration. In the next ten weeks the patient remained ill with anmmia, stormy pyrexia and persistent vaginal bleeding. A chest X-ray at the end of this time showed definite metastatic deposits in the lung fields. Material removed at diagnostic curettage was reported on as 'probable hydatidiform mole'. The pathologist did not feel, however, that he could exclude chorion carcinoma (Figs 3 & 4) . The A-Z test was positive with urine up to dilutions of 1/10. Discussion: The first patient was treated by total hysterectomy with conservation of both ovaries. Examination of the operation specimen left no doubt about the diagnosis being chorion carcinoma. Cytotoxic drugs (Methotrexate and mercaptopurine) were used. The patient has done extremely well. Twenty-four-hour urine assays of F.S.H. showed normal levels of excretion. The chest X-ray returned to normal.
Case 2 received no active treatment. She has also done very well. The A-Z test became negative. The chest X-ray cleared. The retrospective diagnosis was that of 'metastasizing' hydatidiform mole. No cytotoxic drugs have been given. Had they been used a success for this form of therapy in the combat of malignant trophoblastic disease might have been claimed.
Dr K D Bagshawe

Cytotoxic Therapy
The early diagnosis of metastasizing trophoblastic tumours has been made more urgent by recent progress in cytotoxic methods. The dia-
